We evaluated how effective an advertising campaign that was piloted by Cancer Research UK in January/February 2018 was at promoting quit attempts by increasing awareness of the relative harms of e-cigarettes compared with smoking.
INTRODUCTION
Tobacco smoking is associated with substantial risk of premature morbidity and mortality (1) and is the leading preventable cause of cancer, causing around 7 in 10 lung cancer cases in the UK (2). This excess risk is primarily driven by the inhalation of toxins contained within the smoke (3) and could be mitigated by quitting or switching to nicotine products that do not contain tobacco or require combustion (4) . Electronic cigarettes (e-cigarettes) are handheld electronic devices that allow the user to inhale nicotine in a vapour, without tobacco or combustion (5) , thereby reducing nicotine cravings and withdrawal symptoms (6) . However, public perceptions of e-cigarettes are inaccurate and have worsened over recent years even among smokers (6, 7) , which may discourage use.
Increasing awareness of the relative harms of e-cigarettes and tobacco smoking is important to enable smokers to make informed decisions about product use. In this study, we evaluate the effectiveness of an advertising campaign designed to address misperceptions around e-cigarette harms relative to tobacco smoking.
Following a period of rapid growth in the prevalence of e-cigarette use ('vaping') from 2011 to 2014, e-cigarettes are now used by around 2.6 million people in England (20% of smokers) and are the most common aid to smoking cessation, used in over one third of quit attempts (8) . Evidence from several randomised controlled trials indicates that using e-cigarettes in a quit attempt increases the chances of successful cessation (9, 10) . On a population level, the rise in use of e-cigarettes in England and the United States has been associated with increases in the overall success rate of quit attempts in the population (11, 12) , contributing to continued declines in smoking prevalence (13) .
While the prevalence of e-cigarette use in England has remained fairly stable since late 2013, use among long-term ex-smokers has continued to rise (14) and some data suggest that there are now more ex-smokers than smokers using e-cigarettes (15).
Although the long-term effects of using e-cigarettes are unclear as they are a relatively new product (16), a growing body of evidence demonstrates that they are much less harmful than smoking tobacco (6, 17) . Toxicology testing has shown that while e-cigarettes can be used to obtain similar levels of nicotine to combustible tobacco, switching to e-cigarettes can significantly reduce levels of measured carcinogens and toxins relative to smoking, with differences observed within a matter of weeks (18) (19) (20) . Moreover, lower levels of carcinogens and toxins have been observed among longterm e-cigarette users (≥6 months) compared with current cigarette smokers (17). However, surveys have indicated that public perceptions of the relative harms of using e-cigarettes compared with smoking tobacco are generally inaccurate. In 2017, less than half (44%) of adults in Great Britain believed that e-cigarettes are less harmful than smoking, the lowest percentage since monitoring started in 2013 (6, 7) . Just 13% correctly identified e-cigarettes as being a lot less harmful than smoking (6, 7) . The majority of adults perceived e-cigarettes to be equally harmful (23%), more harmful (3%), or were unsure about the relative risk (29%), with the percentage who believed they were more harmful the highest on record (6, 7) . Inaccurate perceptions of harm may undermine the potential public health benefits of e-cigarettes as an option for smoking cessation. If smokers are unaware that e-cigarettes offer a less harmful alternative, they may be less likely to try using ecigarettes to quit. If dual users of e-cigarettes and cigarettes are unaware of this, they may lack the A c c e p t e d M a n u s c r i p t Page 6 motivation to swap entirely to e-cigarettes. Thus, there is a need for effective interventions to increase the accuracy of perceptions of the relative harm associated with e-cigarettes, particularly among smokers from groups with high prevalence of smoking or low likelihood of quitting.
In addition to nationwide efforts to correct these misperceptions, Cancer Research UK, the world's largest cancer charity, developed an advertising campaign that aimed to increase awareness of the relative harms of e-cigarettes compared with tobacco. The campaign was targeted at smokers aged 25-55 years, with a focus on those who wanted to stop and had never tried e-cigarettes. Lower socio-economic groups were also targeted because people with greater disadvantage are more likely to smoke and less likely to use e-cigarettes than those who are more advantaged (21) (although recent data suggest this disparity is narrowing (22) ). Social grade was determined using the occupation of the chief household income earner, following the National Readership Survey categorisation (23). Disadvantage was operationalised as being C2, D or E (C2DE) on this scale, which corresponds to manual and casual workers, state pensioners, and those who are unemployed with state benefits. Conversely, people from categories A, B, or C1 (ABC1) had clerical, managerial, administrative, and professional occupations. The campaign was piloted in Greater Manchester over a four-week period in early 2018, with surveys conducted before and after the campaign period to evaluate changes in perceptions and use of e-cigarettes and quit attempts. For evaluation purposes, surveys were also conducted in the designated control regions Yorkshire & Humber and the North East. These comparison regions were chosen as they have a similar socio-demographic composition and smoking prevalence to Greater Manchester.
This study used data from these surveys to evaluate the extent to which the campaign was effective in: 
Registration
The preregistered analysis plan, data and code used to generate results is available on the Open Science Framework (https://osf.io/uswpj/). Participants Participants (n=2,217) were recruited via online consumer panels and incentivised (with points that were accrued across multiple surveys and could be exchanged for cash or online vouchers) to complete a roughly 15-minute online survey. Quota sampling was used to match the four survey samples (intervention and control, pre-and post-intervention) on age group (25% 16-29, 25% 30-44, 25% 45-60, 25% >60 years), sex (50% male, 50% female), social grade (based on the occupational group of the household's chief income earner; 50% ABC1, 50% C2DE), and smoking status (19% current smoker, 25% ex-smoker, 56% non-smoker; based on local prevalence data (24)). We also recruited a pre-and post-intervention boost sample (n=580) of smokers from the targeted group (Greater Manchester residents in C2DE social grade) to facilitate a more detailed examination of the intervention's targeting.
Intervention
The intervention was an advertising campaign developed by Cancer Research UK that aimed to correct misperceptions about relative harms of using e-cigarettes compared with smoking tobacco.
The main messages of the campaign were:
Research so far shows that vaping is far less harmful than smoking.
(ii) E-cigarettes don't contain tobacco, which is proven to cause cancer. They do contain nicotine, which is addictive, but isn't responsible for the major health harms from smoking.
(iii) Many people are now using e-cigarettes to help them stop smoking.
The campaign's activities included:
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(i) An outdoor advertising campaign, including adverts on buses, billboards, bus stops, phone kiosks and washroom posters across Greater Manchester;
(ii) Regional press coverage in Greater Manchester; and (iii) Facebook adverts run UK-wide (excluding control regions Yorkshire & Humber and the North East).
These activities were chosen as the campaign had to adhere to Advertising Standards Authority (ASA) guidelines restricting advertising to these platforms. Street-based intercepts were used to select creative for the campaign. However, the imagery that was most popular with those surveyed was not used as it was thought to have unclear messaging about the harms of e-cigarettes relative to smoking. The campaign was piloted in Greater Manchester over a four-week period between 15 January and 18 February 2018. Greater Manchester was selected for the pilot study as a region with particularly high smoking prevalence and deprivation levels (25, 26) , and a commitment (within the Greater Manchester Tobacco Control Plan 'Making Smoking History') to develop innovative ecigarette friendly policies, services, and offers (27) .
Measures
The exposure variable was region, with Greater Manchester (campaign region) coded 1 and
Yorkshire & Humber and the North East (control region) coded 0. seen any of the content) were coded 1 and those who respond no to all questions (i.e. reported not having seen any of the content) were coded 0. Participants completed this task after answering the questionnaire so that they would not be influenced by campaign materials.
Harm perceptions of e-cigarettes were assessed among all respondents with the question: "Which of the following best describes what you think about e-cigarettes? Responses were dichotomised to distinguish between those who perceive e-cigarettes as less harmful or a lot less harmful than cigarettes and all other response options.
Perception of e-cigarettes as an effective aid to cessation was assessed among all respondents with the question: "To what extent do you think e-cigarettes are an effective aid to stop smoking regular cigarettes?". Responses were recorded on a 6-point Likert-scale (strongly disagree to strongly agree).
These were dichotomised to distinguish between those who agree that e-cigarettes are an effective aid to cessation and all other response options.
Whether respondents would consider using e-cigarettes as a cessation aid was assessed among you?". Those who responded "I smoke, but not everyday" or "I smoke everyday" were considered current smokers and all others were considered non-smokers.
Analyses
We used descriptive statistics to summarise responses to the outcome variables in the intervention and control regions before and after the intervention. Differences in recognition of the campaign materials at follow-up between target (i.e. age 25-55 years and social grades C2DE) and non-target groups (i.e. age <25 or >55 and social grades ABC1) were analysed using logistic regression. This analysis included participants from the boost sample. Interactions between time (pre-intervention, post-intervention) and region (campaign, control) for all outcomes of interest were analysed using generalised estimating equations. Participants recruited as part of the boost sample were excluded to maintain comparability of the intervention and control samples. Among all respondents, we tested whether there was a greater change in the intervention region versus the control region from pre-to post-intervention in perceptions of e-cigarettes. We also tested the change in perceptions of e-cigarettes among a sample of current smokers, alongside other relevant outcomes such as motivation to quit, e-cigarette use, and quit attempts. Among current smokers who reported using e-cigarettes at all in the past two months, we tested whether there was a greater change in daily ecigarette use. All analyses controlled for age, sex, and social grade.
We calculated Bayes factors (BF) for non-significant interactions to determine whether they provide evidence for no effect (BF < 1/3) when compared to the alternative hypothesis or indicate data insensitivity (BF≥1/3 and <3). The alternative hypothesis was modelled as a half-normal distribution centred on zero, with a standard deviation equal to the expected effect size. The expected effect size (odds ratio (OR) = 1.24) was used based on previous literature (31, 32) . Sensitivity analyses were 
RESULTS
Socio-demographic characteristics of the samples in each region pre-and post-campaign are shown in between time and region were non-significant for all outcomes except for perception of e-cigarettes as effective cessation aids, with smaller increases from pre-to post-campaign in the campaign region (49.9% to 54.0%) compared with the control region (40.5% to 55.0%; OR = 0.66, 95% CI 0.45 -0.98, p = .04). In current smokers, the only significant time by region interaction was for motivation to quit, which increased in the intervention region (44.0% to 48.0%) but decreased in the control region (40.5% to 21.5%; OR = 2.97, 95% CI 1.25 -7.16, p = .01).
Bayes factors were calculated for non-significant results to determine whether the data were insensitive or provided evidence for no effect. All Bayes factors were between a third and three, suggesting that there was insufficient evidence to determine the impact of the campaign across these outcomes. Sensitivity analyses that used both higher and lower expected effect sizes provided the same conclusion for all but one of the interactions (see supplementary material), suggesting that there was insufficient evidence to reject or accept either the null or alternative hypotheses. Recognition was not significantly higher in the target group of low socio-economic status (C2DE) smokers aged 25-55 years. When compared with smokers from a control region, smokers who were exposed to the campaign reported a more positive change in motivation to quit from before to after the campaign was run. However, among all participants, perceptions of e-cigarettes as an effective cessation aid improved more in the control than campaign region. There was insufficient evidence to determine the impact of the campaign on other outcomes, including the campaign's primary objective: harm perceptions of e-cigarettes relative to smoking.
Past mass media campaigns have successfully altered the public's attitudes towards smoking, improved motivation to quit smoking, and reduced smoking prevalence (33) . This campaign also aimed to promote quitting through the most common cessation aid in the UK: e-cigarettes (8) . Given that the campaign only ran for one month, reach was impressive with more than one in three of those surveyed recognising at least one of the advertisements. This is comparable to the level of recognition recorded from other smoking cessation campaigns than ran for a much longer duration (34, 35) . The similarly high level of recognition found among C2DE smokers aged 25-55 years and other populations suggests that, while the campaign was effective at reaching this target group, it was similarly successful at reaching other groups. The relatively high level of recognition of campaign materials in the control region could have resulted from two issues. Firstly, some of the participants in the control region may have been exposed to these materials, either by travelling to Greater Manchester or through social media. If this happened, the effect of the campaign on outcomes would be underestimated. Second, participants may have mistaken these materials for other similar messaging that they have been exposed to. For instance, over the same time period, Public Health
England ran a nationwide campaign on e-cigarettes. If this occurred, the same is likely to have happened in the campaign region and, thus, the true number of people who recognised these materials would have been overestimated.
Motivation to quit smoking tends to be high at the start of a new year and subsequently drops off throughout January (36) . We found that those in the campaign region were insulated from this drop.
The campaign's promotion of e-cigarettes as a cessation aid, which are widely available and often quicker to access than other cessation aids such as pharmacotherapy on prescription, may have contributed to this. Motivation to quit is a strong predictor of future quit attempts (37) . Therefore, if the difference in motivation between regions was caused by the campaign, there is a rationale to expand it to other regions. However, other unmeasured influences may also have contributed towards these different trends across regions.
Perceptions of e-cigarettes as effective cessation aids increased in both regions from pre-to postcampaign, but showed a significantly greater increase in the control region. At baseline, perceptions of e-cigarettes as effective cessation aids were much higher in the campaign region. Therefore, the Bayes factors indicated data were insensitive to detect significant associations for most outcomes.
Effects of mass media advertising campaigns tend to be small, especially if they are run for a short period of time (33) . Therefore, the lack of evidence to determine whether changes in the other outcomes differed between regions was likely due to a lack of statistical power. We may have been able to detect the campaign's impact on these outcomes if it ran for a longer time period, or if the sample size was larger.
A strength of this study was that we were able to adjust for trends in outcomes over time by using a comparison region containing populations who were not exposed to the campaign. A pre-post analysis solely in the campaign region would have been unable to determine what effects were caused by seasonal changes, which are especially variable from December to February (36) .
Nonetheless, the study design used had several limitations. Most significantly, we had to assume that the trends in outcomes would be identical across groups were it not for the influence of the advertising campaign. For this to be true, any unmeasured variables that influence outcomes must either be constant over time or equal across groups, which is unlikely to be the case. For instance, over the campaign period, there were other interventions in place (in addition to the Cancer Research UK campaign) that aimed to alter public perceptions of e-cigarettes (38) . These may have had a greater impact on outcomes in the control region due to lower baseline perceptions.
Moreover, there is regular news coverage both supporting and opposing e-cigarette use, which could also have differentially affected trends across regions. To better account for these unobserved variables, a longer time-series analysis or cluster randomised-controlled trial would be required.
Another limitation is that all data were self-reported, which introduces scope for error and bias.
However, due to the low demand characteristics in the study, this is unlikely to significantly influence our results. Recall of the campaign materials was assessed with cued recall, which may have biased estimates of recognition upwards. Issues also arise from the sample used. Firstly, unlike 
CONCLUSIONS
A regional educational advertising campaign in England was associated with increased motivation to quit among smokers exposed to the campaign, when compared with those in an unexposed region.
It was also associated with a smaller increase in perceptions of e-cigarettes as an effective cessation aid among the general population, which may be due to different baseline perceptions across regions. A Bayesian analysis showed that the impact of the campaign on the other outcomes was inconclusive, which may indicate that the campaign needed to run across a longer period to cause a detectable effect.
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